aP found that 45% of survivors with post haemorrhagic ventricular dilatation had serious impairment from cerebral palsy, developmental delay (developmental quotient <70), or sensorineural deafness. It may be hypothesised that these infants have aggravated neurological damage resulting from a period of raised intracranial pressure. This is known to cause periventricular oedema,5 distortion of developing neural pathways,6 and may cause decreased cerebral perfusion.
Several authors have established that intracranial pressure is raised in post haemorrhagic ventricular dilatation,7-12 even in so called 'normal pressure hydrocephalus'l" during progression of dilatation. In most of these reports, however,7-10 anterior fontanelle pressure was measured, an unreliable reflection of intracranial pressure.13 14 Clinical details of the study group are shown in the Table. They were grouped according to the outcome of the dilatation. The progressive group comprised the eight babies whose ventricular size increased for 2 to 10 weeks, terminated by death (two cases) or surgical CSF shunting (six cases). The transient group comprised the six babies whose ventricular size decreased to normal after 2 to 6 weeks of appropriate management for ventricular dilatation. The static group comprised the two babies in whom an initial acute increase in ventricular size was succeeded by growth at a normal rate. 920 Ultrasonography. In accordance with existing protocols for prospective studies of infant neurology in this unit, all babies underwent cranial ultrasonography by ATL Mechanical Sector Scanner within 24 hours of hospital admission. Infants who were ill or of less than 28 weeks' gestation were scanned daily for one week, then twice weekly until discharge from hospital. The remaining babies were scanned weekly until discharge. With this thoroughness of scanning, it is unlikely that any cases were missed.
In infants with periventricular haemorrhage, the width of each lateral ventricle, horizontally from the midline to its lateralmost extent, was measured in the transfontanelle coronal view just posterior to the interventricular foramina. Each scan and measurement was checked immediately until repeated measurements agreed to within 1 mm. The calipers were calibrated electronically before each baby was scanned. Ventricular dilatation was diagnosed when the width exceeded the 97th centile of Levene'5 by at least 4 mm on two consecutive occasions. If there was asymmetrical dilatation of the two ventricles, the smaller measurement was taken. Scans of study infants were repeated daily until they and the baby were stable, and then every two or three days until discharge.
Head growth. Occipitofrontal circumference was measured using an inelastic tape measure. Rates of head growth were compared with the centiles of Gairdner To ensure that the measurement truly reflected CSF pressure, we imposed several acceptance criteria-that the flow of CSF be ready both before and after the measurement, that bloody taps be due to truly bloody CSF and not to venous cannulation, and that the pressure wave displayed on the monitor should fluctuate with cardiac and respiratory cycles and show a positive Queckenstedt's test. Since it is generally accepted that pressure is evenly transmitted throughout the neonatal cranial cavity, and that there is no anatomical valve between the cranial and spinal subarachnoid spaces, we believe that these CSF pressure values also reflected the intracranial pressure. We have confirmed this by finding less than 1 mm Hg difference in a few babies undergoing simultaneous ventricular and lumbar measurements.
In this way, we performed 94 CSF pressure estimations in the study group (mean 5-3 per patient, range 1 to 25). It was also measured when 43 neurologically and structurally normal neonates underwent 55 lumbar punctures during septic screens performed because of apnoea, fever, bradycardia, single fits, or positive blood cultures. Although some of these signs may be accompanied by acutely raised intracranial pressure, at the time of pressure estimation they had ceased, so it was unlikely that intracranial pressure was raised. Hence we considered these babies to constitute a normal control population.
There were no complications from CSF pressure measurement in the short or longer terms.
Results
Cerebrospinal fluid pressure in the control infants was mean (SD) [2] [3] [4] [5] [6] [7] [8] (1.4) mm Hg. The upper limit of normal range (mean + 2 SD) was 5-7 mm Hg. There was no variation with birthweight or current weight, or with gestational or chronological age.
The typical course of an infant with post haemorrhagic ventricular dilatation is given in Fig. 1 . This girl, the second of twins of 28 weeks' gestation, whose birthweight was 1190 g, was transferred to our unit on the second day of life with respiratory distress syndrome requiring ventilation. Her course was complicated by pneumothorax and patent duc- Group A and B differ significantly (t=5.9, df=92, P<0.001).
group.bmj.com on June 23, 2017 -Published by http://adc.bmj.com/ Downloaded from (SD) 4-5 (2-4) mm Hg. In group B there are 27 measurements, with mean (SD) 9-1 (3-7) mm Hg. These differ significantly by Student's unrelated t test (t=5-9, df=92, P<0-001). They also both differ significantly from the control values (respectively, t=4-0 and 11-7, df=79 and 119, P<0001). The linear regression coefficient of increment in ventricular width on CSF pressure was +0-30 (P<O-05).
When the pressure measurements were divided into groups corresponding to phases of occipitofrontal circumference change faster than, parallel to, or slower than the centiles, no significant difference between the mean pressures was found.
Discussion
We have shown that in neonates with ventricular dilatation after periventricular haemorrhage, CSF pressure is higher in the group of patients with a progressive increase in ventricular size than in that with a decrease in size, and that there is a positive correlation between increases in ventricular size and CSF pressure. Mean CSF pressure in the former group was about three times as high as control values.
Our failure to show a significant relation between head growth and CSF pressure corroborates other work,l8 and is probably due to the buffering effect of CSF displacement from the cranial subarachnoid space into the venous system,'9 or to the variable pathogenesis of post haemorrhagic ventricular dilatation.
We realise that the pathogenesis of the ventricular dilatation differs widely between babies. The two chief processes are obstruction of CSF outflow, causing 'pressure driven' dilatation, and loss of brain parenchyma with passive expansion of the CSF space to fill the gap. In the former situation, CSF pressure will be raised while dilatation occurs, and the neurological outcome may be related to this. In the latter, CSF pressure will be normal, and the neurological outcome related to the site and extent of the parenchymal damage. We would expect the relation of ventricular size to CSF pressure to hold mainly in the former group. Because we were often unable to distinguish the pathogenesis (from indicators such as the shape of the ventricles and their rate of growth compared with head growth) in a given baby we included all babies in the analysis. 
